Introduction
Hepatocellular carcinoma (HCC) is one of the most prevalent malignancies worldwide, and its incidence is increasing [1] . Despite the development of diagnostic techniques and surgical procedures, the postoperative outcomes for HCC remain unsatisfactory due to the high rate of recurrence [2] . In clinical situations, spontaneous regression of a malignant tumor is a rare phenomenon and is defined as the partial or complete disappearance of a malignant tumor without any treatment or with inadequate treatment for prevention of tumor growth [3] . To the best of our knowledge, only 11 cases of complete regression of HCC, confirmed by the resection of the tumor, have been reported in the English literature between 2000 and 2015 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] ; however, the mechanism of spontaneous regression is still unclear. Spontaneous regression could be associated with interventional radiology, alcohol cessation, the host's immune system, and vessel thrombosis. Herein, we report a rare case of complete spontaneous regression of HCC following hepatectomy.
Case report
The patient was a 74-year-old man previously diagnosed with alcoholic hepatitis. He had consumed 480 mL of Japanese sake (60 g ethanol) per day for 50 years and stopped drinking one month prior to visiting our hospital. He had smoked 15 cigarettes per day for 50 years and had a medical history of diabetes mellitus treated with medication. In March 2015, abdominal ultrasonography (US) showed a low-echoic mass measured at 22 mm in segment 8 (S8) of the liver. Contrast-enhanced computed tomography (CT) performed in July 2015 revealed that the tumor had grown to a 36-mm maximum diameter and was well enhanced in the arterial phase and washed out in the portal and delayed phases ( Fig. 1 ). Upper gastrointestinal endoscopy and colonoscopy revealed no specific findings. The patient was referred to our hospital for confirmation of the suspected HCC. The patient's height was 168 cm and weight was 60 kg. The results of the preoperative blood tests were as follows: white blood cell count, 6520 cells/L; red blood cell count, 480 × 10 4 cells/L; serum hemoglobin concentration, 16.8 g/dL; serum platelet count, 15 × 10 4 platelets/L; serum aspartate aminotransferase, 71 IU/L; serum alanine aminotransferase, 50 IU/L; serum alkaline phosphatase, 257 IU/L; serum gamma glutamic transpeptidase, 119 IU/L; total serum bilirubin, 1.08 mg/dL; serum albumin, 4.0 g/dL; and serum C-reactive protein, 0.08 mg/dL. The serum concentration of proteins induced by vitamin K absence or antagonist (PIVKA-II) was 17 mAU/mL, carbohydrate antigen 19-9 was 4.7 U/mL, and alpha-fetoprotein (AFP) was slightly elevated at 30.8 ng/mL. The percentage of the Lens culinaris agglutinin-reactive ␣-fetoprotein isoform 3 (L3) was 25.5% and the indocyanine green clearance rate at 15 min was 15.5%. Hepatitis B surface antigen and hepatitis C virus antibody test results were negative. Both Child-Pugh and Liver Damage classifications were categorized as A. CT imaging was performed two months later (Fig. 2) . The tumor was noted to have decreased in size and appeared uniform with low density and a maximum diameter of 16 mm. In addition, contrast enhancement of the tumor had disappeared. Magnetic resonance imaging (MRI) was also performed. The lesion had high signal intensity on T2-weighted imaging, low signal intensity on T1-weighted imaging, and no contrast enhancement in the dynamic study. Spontaneous necrosis of the HCC was considered; however, we could not rule out the presence of viable malignant cells based on these findings. Thus, we performed segmentectomy of S8 of the liver. On inspection at the time of resection, the surface of the liver was rough; however, no ascites was found. The low-echoic lesion with clear borders was detected in S8, and segmentectomy was performed. The tumor was reddish and encapsulated with a thick fibrous capsule. Histopathological findings showed granulation tissue and necrotic tissue, accompanied by bleeding, hemosiderosis, and dense infiltrates of inflammatory cells (Fig. 3) . No viable tumor cells were observed. Chronic hepatitis was observed in the background liver. The postoperative course was uneventful, and the serum concentration of AFP decreased to 3.4 ng/mL one month after surgery.
Discussion
The reported rate of spontaneous partial regression of HCCs is 0.4% and complete regression is extremely rare [14] . To our knowledge, only 11 cases, including our case, of complete regression of HCC confirmed by hepatectomy were reported in the English literature from 2000 to 2015 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] ( Table 1 ). The mean age of the patients was 68.2 years, ranging from 50 to 78 years, and most patients were male. The mean size of the tumor was 45.5 mm, ranging from 30 to 100 mm. The cause of hepatitis was alcohol in five patients, hepatitis B virus in three patients, and hepatitis C virus in four patients. Chronic hepatitis was observed in nine patients and background liver cirrhosis in one patient. The cause of the necrosis was related to capsule formation in nine patients, vessel thrombosis in 4 patients, and an immunological reaction in 5 patients (this includes the overlapping cases).
The causes of spontaneous necrosis are still unclear. Possible mechanisms, reported in the literature, are as follows: drinking cessation, use of herbal medicine [15] , high fever due to cholangitis [7] , immunological reactions, deficiency of blood supply, androgen therapy [16] , vascular injury due to angiography, and rapid tumor growth. Huz et al. identified systematic inflammatory response and tumor hypoxia as common mechanisms of regression [17] . In our case, it is conjectured that insufficiency of blood supply, Table 1 Clinical features describing reported cases of complete spontaneous regression of hepatocellular carcinomas resected by surgery.
No. the thick overlying capsule, and cessation of drinking and smoking were the reasons for the complete spontaneous regression. In the resected specimen, inflammatory cells, including acquired and naïve immune cells, were detected in the necrotic tissue. Clarifying the relationship between the immunological reaction and spontaneous regression was difficult; activation of host immune cells could be the most important factor for the spontaneous regression.
Author
One limitation of our case study is that we could not prove the presence of malignant cells histologically before regression. Nevertheless, HCC was highly suspected given the history of alcoholic hepatitis and based on the elevation of AFP and the isoform of L3 and the CT findings that were typical of HCC. In light of the clinical and diagnostic findings, the final diagnosis of HCC with complete spontaneous necrosis was made.
Sasaki et al. reported a case in which preoperative imaging findings suggested the complete necrosis of HCC; however, a small number of viable tumor cells remained and were confirmed on immunohistochemical staining [18] . Ohtani et al. reported that 5 of 40 cases had a recurrence of HCC after spontaneous regression [6] . Establishing accurate preoperative diagnosis of complete regression is difficult because of the discrepancy between the preoperative radiological and pathological findings. In 9 of 11 cases listed in Table 1 , no or partial regression was observed on preoperative radiological findings; these were finally diagnosed as complete regression. There are several local intervention techniques targeting HCC, including surgical modalities. Recent advances in surgical modalities have improved the prognosis of HCC patients [19, 20] . Therefore, we suggest that if liver function is acceptable, the ideal management strategy for this disease is surgical intervention.
Conclusion
In conclusion, we present a rare case of complete spontaneous necrosis of HCC. Although the mechanism of spontaneous regression of HCC remains unclear, the accumulation of such cases will help improve the treatment of HCC in the future.
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